This study was conducted to characterize the selected marine fish species using partial sequence of mtDNA 12S and 16S rRNA gene. PCR 
INTRODUCTION
DNA based markers are widely applied to offer a better resolution of systematic relationships among species, especially mitochondrial DNA (mtDNA) markers. According to Stoeckle (2003) , mtDNA genes are becoming an attractive target since these genes are shared across various taxa (species) and do not contain introns that complicate amplification.
Animal mtDNA genome is a single, double-stranded, circular, multiple copies and comprises of 37 genes, consisting of 13 protein-coding genes, two ribosomal RNAs (12S and 16S rRNA) and 22 transfer RNAs (tRNAs) (Meyer 1993) . Its size varies from 16 to 19 kilo base pair in different species of animals. Mitochondrial DNA has been proved to be a powerful tool in fish species identification (Lemer et al. 2007; Rubinoff et al. 2006; Teletchea 2009 ), fish stock maintenance (Greig et al. 2005 ) and seafood control (Quinteiro et al. 1998) . Mitochondrial 12S and 16S rRNA exhibit variation between species and within the species the sequence is stable.
Mitochondrial DNA 12S and 16S rRNA genes cover 1/16 and 1/10 of entire mitochondrial genome, respectively (Yang et al. 2014) . Due to high mutation rate of mtDNA in most animals, it contributes to a significant amount of sequence variation in identification of closely related species (Yang et al. 2014) .
DNA based identification provides a better method for taxonomic identification of fish species by showing a divergence of different taxa (Mohd-Shamsudin et al. 2011 ). Di Finizio et al. (2006 stated that the specific morphological characters of fish are sufficient in identification of fish species, but problem occurred if processed food is involved. Therefore the application of mtDNA as molecular genetic markers has been successfully applied to distinguish different species since this method is less expensive and reliable.
Mitochondrial DNA 16S rRNA gene analysis offers the most direct approach (direct sequencing) in differentiating marine animals, plant and bacteria (Baharum & Nurdalila 2012) . It has been reported that mtDNA 12S and 16S rRNA genes have been used extensively as molecular markers to categorize mammals, birds, shrimp and other species (Kitano et al. 2007; Yang et al. 2014) . DNA sequence of 12S and 16S rRNA showed high variability when compared to other DNA markers since this region is reported as highly conserved (Wang et al. 2000) . Greig et al. (2005) has utilized mtDNA 12S and 16S rRNA markers in North Atlantic Ocean sharks and found that within the species the sequence variability is very less compared to between species and it was suggested that these two markers are suitable for species identification.
Due to the features of mitochondrial ribosomal gene, the application of this gene as a genetic marker has become important due to highly conserved between closely related species. Therefore the genetic relationship of the selected marine fish species were studied and characterized using partial sequence of mtDNA 12S and 16S rRNA genes.
MATERIALS AND METHODS

SAMPLE
The marine fish used in this study were Atule mate, Alepes vari, Alepes kleinii, Alepes djedaba, Parastromateus niger, Pristipomoides multidens, Pampus argenteus, Trachinotus blochii, Nemipterus bipunctatus and Nemiptereus furcosus. These fish species were obtained from Pasar Siti Khadijah Market, Kota Bharu. The scientific name for selected fish species was obtained from the book entitled 'Marine Fishes and Fisheries of Malaysia and Neighboring Countries' (Mohsin & Mohd 1996) and also confirmation with reference to authenticated of species was done by consulting the Fisheries Department, Kota Bharu.
GENOMIC DNA EXTRACTION
The parts of tissue or gills disserted and the fish species were preserved in absolute ethanol for longer storage. Prior to DNA extraction, fish samples must be washed with phosphate buffered saline (PBS) for three times to clean from ethanol. The genomic DNA extraction was performed using QIAamp tissue kit (Qiagen, Valencia, CA) and followed protocols as recommended by manufacturer. The integrity of the extracted DNA was inspected by agarose gel electrophoresis. The extracted DNA was quantified using spectrophotometer prior storage at -20°C.
PCR AMPLIFICATION OF 12S RRNA, 16S RRNA AND CYTOCHROME B GENE
In the present study, published universal primers were used to amplify partial sequence of 12S rRNA (L1067F: 5'-AAA CTG GGA TTA GAT ACC CCA CTAT-3' and H1478R: 5'-GAG GGT GAC GGG CGG GCG GTG TGT-3' and 16S rRNA (L2510F: 5'-CGC CTG TTT ATC AAA AAC AT-3' and H3080R: 5'-CCG GTC TGA ACT CAG ATC ACG T-3') genes (Palumbi 1996) . These primers generate PCR products of 350 and 550 bp for 12S and 16S rRNA, respectively. The PCR mixture was amplified in 20 uL consisting of 1 uL of 10 pmol of each primer (Sigma, USA), 0.32 uL of 10 mM dNTPs (Bioline, USA Inc), 1X PCR buffer (Bioline, USA Inc), 2 uL of 25 mM MgCI2 (Bioline, USA Inc) and 1 U of Taq DNA Polymerase (Bioline, USA Inc). The reaction conditions are 95°C for 3 min followed by 30 cycles of 95°C for 30 s; 61°C (12S rRNA)/58°C (16S rRNA) for 1 min; 72°C for 1 min and a final extension at 72°C for 5 min. All PCR amplicons were checked by electrophoresis on 1% agarose gel and then was purified using PCR purification kit (Qiagen, USA). The purified PCR product was adjusted to 20-30 ng/uL of concentration using sterile deionized distilled water for further used in sequencing.
DIRECT SEQUENCING A total of 10 μL sequencing reaction was prepared consisting of purified PCR product, 3.3 pmol of primers and 1:8 ABI BigDye® Terminator versions 3.1. Amplification was performed on GeneAmp PCR System 9700 (Applied Biosystem). The following thermal cycle condition was used at 96°C for 1 min, followed by 25 cycles of 96°C for 10 s, 50°C for 5 s, 60°C for 4 min and final hold at 4°C. The sequencing reaction was purified by ethanol precipitation prior to sequencing on ABI the 3130xl Genetic Analyzer.
ANALYSIS OF THE SEQUENCES
The polymorphisms reported in this study were analyzed using MEGA 4 (www.megasoftware.net) and BioEdit ver. v7.2.5 software (www.mbio.ncsu.edu) against the reference sequences obtained from GeneBank (www.ncbi. nlm.nih.gov/pubmed). The presence of polymorphisms such as transition, transversion, insertion and deletion were recorded. The neighbor-joining tree was constructed based on Kimura 2-parameter model using MEGA 4 software.
RESULTS AND DISCUSSION
In this study, we have adopted the universal primers introduced by Palumbi (1996) to address the mitochondrial ribosomal gene 12S and 16S rRNA. It has been proved that the regions residing in the 12S and 16S rRNA loci in the mitochondrial genome among mammals are more strictly conserved than the region in the cytochrome b locus (Kitano et al. 2007; Palumbi 1996) . These regions are located in both loop and stem portions in the secondary structure. The double-strand stem portion occupies 57 and 72% of the conserved regions of the 12S and 16S rRNA loci, respectively (Burk et al. 2002; Springer & Douzery 1996) . It is likely that these conserved regions are functionally important. Using the highly conserved regions in this study, we were able to amplify DNA fragments 350 and 550 bp for 12S and 16S rRNA, respectively.
Base composition analysis of mtDNA 12S and 16S rRNA of fish species showed that the GC content was found to be higher in the mtDNA 12S than 16S rRNA. Higher sequence similarities with value more than 79% was observed between fish species Nemipterus furcosus and reference Pentapodus caninus for mtDNA 16S rRNA.
Higher number of polymorphisms were observed in mtDNA 16S than 12S rRNA as expected since the amplicon lengths for 16S rRNA is longer than 12S rRNA. Higher percentage of insertion-deletion (32.98%) was observed among fish species with reference to Pentapodus caninus of mtDNA 16S rRNA. Sequence analysis indicated that Atule mate (234) and Alepes djedaba (233) showed the highest polymorphisms for 16S rRNA. The lowest polymorphisms were observed in Alepes kleinii (70) and Alepes djedaba (71) for 12S rRNA and Nemipterus bipunctatus 16S rRNA. More polymorphism was observed in Nemipterus furcosus compared with other fish species for 12S rRNA (Table 1) . Lower numbers of polymorphism in Pristipomoides multidens for 16S rRNA suggest that this fish species share high percentage of similarity with the reference fish sample.
Genetic relationship among the fish species was examined using phylogenetic tree. A rooted neighbor joining tree using Kimura 2-parameter was constructed with bootstrapping of 1000. Phylogenetic tree of mtDNA 12S rRNA showed two clusters that were branching from a reference Pentapodus caninus (DQ533268) (Figure 1 ). The first cluster with bootstrapping value of 58% consisting of Alepes sp, Nemipterus furcosus, Parastromateus niger, Trachinotus blochii, Nemipterus bipunctatus, Atule mate and Pristipomoides multidens. The other cluster consist only Pampus argenteus. Study also showed Gobio gobio which is an outgroup species (AB239596) was rooted closely to Pristipomoides multidens (Figure 1) . Similar pattern of phylogenetic tree was observed in mtDNA 16S rRNA as mtDNA 12S rRNA except the value of bootstrapping much better in phylogenetic tree constructing mtDNA 16S rRNA than 12S rRNA ( Figure  2 ). This suggests that the ribosomal genes can be used as genetic markers to distinguish fish species. Alepes kleinii and Alepes djedaba was found to have closer genetic relationship such as both share the same branch in phylogenetic tree, with a bootstrap value of 97% ( Figure  1 ) and 99% (Figure 2) .
Nemipterus furcosus is rooted distantly from Nemipterus bipunctatus though they are from the same genus. This indicates that Nemipterus furcosus and Nemipterus bipunctatus are differing from each other in terms of genetic composition.
Monophyletic clade was seen in Alepes sp. because they are from the same genus. Pampus argenteus ( Figure  1 ) and Trachinotus blochii (Figure 2 ) was basal to other fish species, although bootstrap values were not strong enough to support the relationships. Atule mate and Nemipterus bipunctatus was found closely related in both 
CONCLUSION
The present study successfully sequence partial mtDNA 12S rRNA and 16S rRNA from selected marine fish species. As stated by Kitano et al. (2007) direct sequencing of the PCR products allowed comparative analysis of the unknown DNA sequences and those already deposited in the databases by using the BLAST program. This study showed, though some fish species were from the same genus, the analysis of phylogenetic tree showed that they are genetically distant from each other. In addition, this study also showed that the application of molecular method especially mtDNA marker was successfully characterized and identified fish species. This suggest that mtDNA 12S rRNA and 16S rRNA also suitable as DNA DNA genetic markers by providing other alternative method in fish characterization since the DNA data generated is more reliable and convincing compared to morphological characterization.
